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A Preliminary Report on the Frequency of Scrapie Susceptibility Alleles in
Hampshire Sheep
Abstract
Blood samples were collected from a total of 201 animals in five purebred Hampshire sheep flocks. DNA was
isolated from the samples, and the protein-coding region of the prion protein gene was amplified using the
polymerase chain reaction. The allelic frequencies of the prion protein codons 171 and 136 were determined.
Results revealed that the codon 171 alleles Q, R, and H were present at frequencies of 72%, 27% and 1%,
respectively. A subset of samples (n=48) was randomly selected for codon 136 genotyping. The codon 136 V
allele, an allele not frequently observed in Suffolk sheep, was present in animals from three of five flocks at a
frequency ranging from 7 to 33% of the animals tested within each flock. These data comprise the first report
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Summary
Blood samples were collected from a total of 201 ani-
mals in five purebred Hampshire sheep flocks. DNA
was isolated from the samples, and the protein-coding
region of the prion protein gene was amplified using
the polymerase chain reaction. The allelic
frequencies of the prion protein codons 171 and 136
were determined. Results revealed that the codon 171
alleles Q, R, and H were present at frequencies of
72%, 27% and 1%, respectively. A subset of samples
(n=48) was randomly selected for codon 136
genotyping. The codon 136 V allele, an allele not
frequently observed in Suffolk sheep, was present in
animals from three of five flocks at a frequency
ranging from 7 to 33% of the animals tested within
each flock. These data comprise the first report on
the prevalence of scrapie susceptibility alleles in
Hampshire sheep.
Introduction
Scrapie is a fatal neurological disease of sheep that
has plagued farmers for centuries. The disease was first
described in England in 1732, and scrapie was first diag-
nosed in the United States in 1947. All animals which
contract this disease are destined to die, and the only
method to definitively diagnose scrapie is by microscopic
examination of an animal's brain tissue. Unfortunately, no
test is available for diagnosing the disease in living
sheep. Clinical signs of the disease include loss of
muscular coordination, extreme excitability, intense
itching (leading to the "scraping" of wool from the
animal's body, and hence the disease's name), and
ultimately death.
The specific causative agent of scrapie disease is not
yet known, despite a considerable amount of research
aimed at identifying the causative agent. Three different
causes have been hypothesized (virinos, prions, and scra-
pie-associated fibrils), but none of these proposed causes
has been conclusively proven as the definitive cause of
scrapie. Most scientists, however, have agreed that the
prion protein plays an important role in manifestation of
the disease.
All sheep produce prion protein, but sheep exhibiting
clinical signs of scrapie possess an abnormal form of the
prion protein which accumulates in the neurons in the
brain. The accumulation of this abnormal protein causes
the brain tissue to become filled with holes--like a
sponge. This "spongy" brain morphology in scrapie-af-
fected animals is similar to that observed in a number of
degenerative brain diseases known as spongiform enceph-
alopathies. Other spongiform encephalopathies include
transmissible mink encephalopathy, bovine spongiform
encephalopathy (BSE or "mad cow disease"), and three
related human diseases--Creutzfeldt-Jakob disease, kuru,
and Gertsmann-Sträussler syndrome.
The prion protein is similar to all proteins made by
an animal in the fact that the animal's genes (DNA)
direct the cells how to make the protein. When the
genetic code is read from a chromosome in the nucleus
inside a cell (a process called transcription), a molecule
called messenger RNA (mRNA) is made. The mRNA
molecule then directs the production of the gene product
(i.e., protein) in a process known as translation. During
this process, three building blocks (nucleotides) are
joined together in a unit known as a codon. Each codon
directs the production of an amino acid, and the amino
acids are linked together to form a protein. Thus, an
animal's genetic (nucleotide) make-up determines the
shape and size of proteins, including the prion protein.
The prion protein is comprised of 256 amino acids,
and there are two specific locations within the prion pro-
tein gene - known as codon 136 and codon 171 - that
have been associated with scrapie. Two forms of genetic
code (alleles) are found at codon 136, and these are de-
noted by the letters A and V. The A designation refers to
the amino acid alanine, whereas the V designation refers
to the amino acid valine. Three alleles can be found at
codon 171, and these are denoted by the letters R, Q, and
H. The R, Q, and H designations refer to the amino acids
arginine, glutamine, and histidine, respectively. (It
should be noted that other locations of the prion protein,
namely codon 112 and codon 154, are also being investi-
gated for their potential role in susceptibility to scrapie
disease.) 
Although much remains to be learned about the
cause and effect relationship between codon 136/171
genotypes and susceptibility to scrapie, current theory
states that codon 136 is related to an animal's
susceptibility to the Strain A scrapie agent, whereas
codon 171 is related to an animal's susceptibility to
Strain C scrapie agent (the most common scrapie strain
in the United States sheep population).
One of the reasons that scrapie has been such a puz-
zling disease is because the incidence of the disease is
influenced by both the genetic strain of the scrapie
"agent" (strain A vs. strain C), as well as the genetic
make-up (codon 136 and codon 171 alleles) of the
animals exposed to the agent. In addition, this disease
can be spread between animals that are not blood
relatives, suggesting that scrapie also should be
considered as an infectious disease.
Genetic susceptibility to scrapie does not mean that
an animal is destined to contract scrapie. What it does
mean is that an animal could develop scrapie disease if
that animal is exposed to the "right" scrapie agent. For
example, an animal susceptible to the strain A scrapie
agent won't develop scrapie if exposed to the strain C
scrapie agent unless it also is susceptible to the strain C
scrapie agent.
The following chart is a brief summary of the current
theory related to scrapie susceptibility.
agenotype reflects one allele inherited from the
sire (via the sperm) and one allele inherited from
the dam (via the egg).
For codon 136, an animal needs two copies of the A
allele in order to be "resistant" to strain A scrapie agent.
For codon 171, an animal needs at least one copy of the
R allele in order to be "resistant" to the strain C scrapie
agent.
Current theory regarding the genetic factors influenc-
ing susceptibility to scrapie disease evolved from re-
search conducted predominantly with sheep of the Suf-
folk breed. The Suffolk is a black-faced breed noted for
its rapid growth rate and carcass merit. The Hampshire
breed is also a black-faced breed having outstanding
growth and carcass merit. Interestingly, animals from this
breed have not been plagued by scrapie disease to the
same extent as those of the Suffolk breed. This study was
undertaken for the purpose of gathering preliminary data
on the frequencies of the scrapie susceptibility alleles at
prion protein codons 136 and 171 in Hampshire sheep.
Materials and Methods
Blood samples were collected via jugular venipunc-
ture from a total of 201 animals located in five purebred
Hampshire sheep flocks. DNA was isolated from the
EDTA-treated blood samples using a PuregeneTM DNA
isolation kit. After isolation, the protein-coding region of
the prion protein gene was amplified using the poly-
merase chain reaction. The allelic frequencies of prion
protein codons 171 and 136 were determined by allele-
specific oligonucleotide hybridization or by restriction
fragment length polymorphism analysis, respectively.
Results
The results of the prion protein genotyping are pre-
sented in Tables 1 and 2. The overall frequency of the Q
allele across all flocks was 72% and ranged from 62% to
86% within individual flocks. Similarly, the overall fre-
quency of the R allele was 27% and ranged from 14% to
36% within individual flocks. The more recently discov-
ered H allele was present in only two of the five flocks
tested. The overall allelic frequency was 1%, and it is
interesting to note the lack of the H/H genotype.
The frequency of the codon 136 alleles was 94% and
6% for A and V, respectively. The V allele was present
in three of the five flocks, but no animals of the V/V
genotype were observed. Of the 48 animals examined,
four (8%) were susceptible to scrapie at both loci, 22
(46%) were susceptible at one locus, and 22 (46%) were
not susceptible at either locus.
Discussion
The frequencies of codon 171 and 136 genotypes
have been studied in United States Suffolks, the breed
most commonly afflicted with scrapie. In the first study
(Westaway et al., 1994, Genes & Development 8:959-
969), the genotypic frequency of 31 scrapie-positive ewes
was 100% Q/Q. That genotypic frequency was different
from the 56% Q/Q, 21% Q/R, and 4% R/R observed in
57 "scrapie-free" animals. In the second study (O'Rourke
et al., 1996, Animal Biotechnology, 7:155-162), all 30
scrapie-positive animals were of the Q/Q genotype com-
pared with 57% Q/Q, 37% Q/R, 4% R/R, and 1% each of
Q/H and R/H for the 545 "scrapie-free" animals. With few
exceptions, all Suffolks in both studies were A/A at
codon 136.
About 55 to 60% of United States Suffolks are
presumed to be susceptible to strain C scrapie (and 40-
45% "resistant") if the true allelic frequencies in the
Suffolk population as a whole are similar to the allelic
frequencies found in the population of experimental ani-
mals. Based on the results of the present study, the Ham-
pshire breed seems to have a similar level of suscep-
tibility to Strain C scrapie, as 52% of Hampshires did not
possess one or more R alleles in their genetic make-up.
In addition, 12% of Hampshires possessed a valine allele
at codon 136, indicating their susceptibility to Strain A
scrapie.
Although scrapie has been diagnosed in fewer than
2,000 sheep flocks since the disease was first diagnosed
in this country (a relatively small number given that the
current record-low number of sheep flocks is more than
82,000), it has become a major problem in the United
States sheep industry. Perhaps the most visible problem
affecting sheep farmers is that rendering companies no
longer dispose of sheep carcasses, largely to avoid any
potential risk (and legal liability) of manufacturing
animal protein feed supplements that possibly could be
tainted with the scrapie agent.
It is widely believed, but not scientifically proven,
             Codon 136                                   Codon 171                
Genotype Susceptible Genotype Susceptible
of animala to Strain A? of animala to Strain C?
______________________________________
A/A No R/R No
A/V Yes R/Q No




that BSE was caused by the feeding of protein supple-
ments (such as meat & bone meal) derived from improp-
erly rendered carcasses of sheep infected with scrapie.
The first case of BSE was diagnosed in the United King-
dom in November of 1986, but less than 5 years later
more than 3,000 cases of BSE were being diagnosed
each month in the United Kingdom. There is great public
concern that BSE, which has been observed in Canada
but not in the United States, will be found in the
American cattle population. Due to the hypothesized link
between scrapie and BSE, diagnosis of BSE in the
United States could have a profound impact on the
United States sheep industry.
Recently, there has been great public debate about
spongiform encephalopathies due to the recent finding in
the United Kingdom of 10 cases of a variant form of
Creutzfeldt-Jakob (C-J) disease in people considerably
younger than those which have been afflicted in past
decades with C-J disease. Although no scientific link has
been established, it is theorized that these young people
developed C-J disease as a result of eating products de-
rived from cattle affected with BSE.
At least two laboratories in the United States now
offer a codon genotype test--a test that can be performed
on living animals. This test enables producers to classify
their animals as "susceptible" or "non-suscepti-
ble/resistant". Although the tendency for many is to be-
lieve that this DNA test will solve the mystery of scrapie
disease, much remains to be learned.
Clearly, one of the most important factors that is not
yet known is whether "non-susceptible" animals are truly
resistant to infection with the scrapie agent or whether
they will actually serve as "silent incubators", harboring
the disease and spreading it to others despite the fact that
they do not ever show clinical signs of scrapie. Research
now in progress will likely shed light on this important
issue.
Two "opinions" exist on how a sheep producer could
use codon genotype information in a breeding program.
One thought is that only rams of the R/R genotype at
codon 171 should be used for breeding so that all of their
offspring will be "resistant" to scrapie. This would theo-
retically prevent a disease outbreak, even if animals
were exposed to the scrapie agent. The other thought is
that only "susceptible" rams (Q/Q, H/H, or Q/H
genotypes) should be used so that a producer would know
if his/her flock had been exposed to the scrapie agent.
In the short term, many breeders are choosing to use
R/R genotype rams to avoid having scrapie disease sur-
face in their flocks. This is particularly true in a state like
Iowa where there is a mandatory 42-month quarantine of
any flock diagnosed with scrapie (unless the producer
enrolls in the national voluntary scrapie certification pro-
gram). In the long term interest of the sheep industry,
however, many persons feel that susceptible rams should
be used so that each and every source of the scrapie
agent can be "exposed", enabling eradication of scrapie
from the United States similar to the manner in which
New Zealand eradicated scrapie many years ago.
Although insufficient data on codon 136 are currently
available, thoughts on how to use this genotype
information are similar to those of codon 171 (i.e., only
use rams of the A/A genotype).
Some sheep producers, especially those raising Suf-
folk sheep, are now marketing their breeding stock based
on the codon 171 genotype. This marketing tactic raises
some very important questions. Are rams possessing
genetic superiority for carcass merit, growth, feed effi-
ciency, and other economically important production
traits being sent to slaughter because they are not of the
R/R genotype?  Is it wise to eliminate the Q and H
alleles when it is not yet known if these alleles confer
resistance to other strains of the scrapie agent or if they
are important for other economically important traits?
Many sheep producers believe that it is not
necessary to fully understand the complexities of scrapie
disease before taking action. The strong correlation
between codon 171 genotype and disease incidence,
although unable to prove a direct cause-and-effect
association, suggests an important biological relationship.
The selection of animals on their prion protein genotype
seems to be the best available tool to combat the spread
of scrapie disease.
Should sheep producers pay a premium for animals
of a particular genotype? The answer depends upon one's
personal perspective on the disease and the intended use
of offspring derived from those animals of known geno-
types. For commercial sheep producers who are buying
black-faced rams to use as terminal sires (i.e., all off-
spring are sent to slaughter), the benefit (if any) may not
justify the added cost. For producers who intend to save
replacement females, however, the perceived benefits
are greater and the extra cost may be warranted. This is
particularly true if subsequent research proves that R/R,
R/Q, and R/H animals are, in fact, completely resistant
to infection and do not serve as a reservoir of the
infectious scrapie agent. In that case, the early adopters
of genotyping technology certainly will be in a position
to reap substantial financial rewards. Time will tell if
codon genotyping is a wise investment or a frivolous
expenditure.
Implications
The susceptibility of Hampshire sheep to scrapie
disease appears equal to or greater than that of
Suffolk sheep. Based upon current theory, the pro-
portion of animals susceptible to strain C scrapie is
52%, and the proportion susceptible to strain A
scrapie is 12%. The disproportionate frequency of
clinical signs of scrapie in Hampshire versus
Suffolk sheep in the United States indicates that
Hampshires either have had less exposure to the
scrapie agent or that factors other than codon 171
and 136 genotypes play a role in manifestation of
the disease in that breed. Further research is neces-
sary to fully understand the complex nature of this
mysterious disease.
Acknowledgments
Funding for this project was provided by the Iowa
Sheep and Wool Promotion Board. The cooperation of
the Hampshire sheep flock owners is gratefully acknowl-
edged. The authors thank Anne Dunn for assistance with
blood sample collection and Donna Johnston for final
typing of this paper.
Table 1.  Distribution of prion protein codon 171 genotypes in Hampshire sheep.
Table 2.  Distribution of prion protein codon 136 genotypes in Hampshire sheep.
No. of                                               Codon 171 genotype                                                
Flock animals Q/Q Q/R Q/H R/R R/H H/H
_______________________________________________________________________________
A 43 28 (65%) 14 (33%) 0 (0%) 1 (2%) 0 (0%) 0 (0%)
B 48 22 (46%) 22 (46%) 2 (4%) 1 (2%) 1 (2%) 0 (0%)
C 21 15 (71%) 6 (29%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
D 45 15 (33%) 25 (56%) 1 (2%) 3 (7%) 1 (2%) 0 (0%)
E    44     21    (48%)     18    (41%)     0   (0%)     5    (11%)     0   (0%)     0   (0%)  
201 101 (50%) 85 (42%) 3 (2%) 10 (5%) 2 (1%) 0 (0%)
No. of                     Codon 136 genotype                   
Flock animals     A/A     A/V     V/V
A 14 13 (93%) 1 (7%) 0 (0%)
B 3 3 (100%) 0 (0%) 0 (0%)
C 8 7 (88%) 1 (12%) 0 (0%)
D 12 8 (67%) 4 (33%) 0 (0%)
E    11     11    (100%)     0   (0%)     0   (0%)  
48 42 (88%) 6 (12%) 0 (0%)
